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y;he chemisorption of methyl isocyanide by, Al supported Rh has been
. 3

investigated using transmission infrared spectroscopy. Evidence for the
absence of dissociation or isomerization upon chemisorption is presented.

. The identification of various surface binding sites is possible and is in
agreement with the site distribution previously demonstrated for such samples
using CO with methyl isocyanide. Samples which are exposed to methyl isocvanide

foll6wing saturation coverage with CO exhibit a 1q9/éa‘125é;rease in the CEO.

stretching mode due to the presence of the isocyanide. This shift is inter-

preted in terms of a 6~donor-gj/&cceptor interaction between the isocyanide

and CO adsorbates.
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i. Introduction

The analogy between surface chemistry and inorganic chemistry has become
the subject of significant speculation in the recent literature.(]'s) The
potential for transferring the well established behavior of inorganic reactfions
to the comparatively unexplored field of surface chemistry is very exciting.
However, while correlations of chemical reactivity with molecular structure
and bonding in inorganic chemistry have been widely established from crystallo-
graphic, spectroscopic, and product analysis studies, the extent to which the
same structure and bonding concepts can be applied to surface chemistry

For instance, inorganic chemists

problems has not been fully demonstrated.
have examined a variety of metal carbonyls and have extended this work to
other ligands including the isocyanides.(s's) Consequently, the similarities
and differences between CO and isocyanide ligands have been well studied in
the realm of inorganic chemistry and reflect the character of the ligang
molecular orbitals in each case. On tﬁe other hand, while surface itudies of
CO binding to various bulk metals and supported systems are interpreted in
terms of model inorganic compounds, the ana1ogy of ‘the behavior of CO to the
electronically similar isocyanide ligand has rarely been investigated on sur-
faces. The similarities and differences between CO and CHBNC can be readily
appreciated by exmining their molecular orbitals shown in Figure 1.(9) The
highest occupied molecular orbitals are ¢ type non-bonding orbitals in eaéﬁ
case. The lowest 1ying unoccupied orbitals are m* type orbitals in each case.
Consequently, the chemistries of the two molecules might be anticipated to
mimic one another. However, the absolute binding energies are signific;nt?y
different, the orbitals being less tightly bound by 4.76 eV and the n*
orbital being higher in energy by 6.71 eV in Ch3NC compared to CO. Conse-

guently, CH3NC is a far better o electron donor and a worse = electron
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acceptor than CO0. The aim of this work is to explore the extension of such
analogies to chemical binding at surfaces.
While some early reports have appeared which dealt with isocyanide

(10) more recent publications have indicated that

binding at metal surfaces,
dissociation and isomerization processes may be sign1ficant.(]]) We have
employed transmission infrared spectroscopy to examine such interactions in a
model system. Specifically we report the interaction of CH3NC with rhodium
supported on A]203. The metal site distribution and CO chemisorption in this

system are somewhat controversial but have been well documented.(]z)

S A ST A G TN Ty ST IR T

A II. Experimental
; The preparation of dispersed samples of Rh on A1203 (Degussa-C and Alon-C)*
has been described previously.(]2’13) Briefly, a suspension of RhC13'3H20,
A1203. water, and acetone is sprayed onto a CaF2 or Ban sample plate which is
held at 350K. This procedure flash evaporates the solvents, leaving RhIII
; jons adsorbed on A1203. The sample plates were subsequently mounted on a copper
support assembly inside a stainless ;tee] 2.75 inch diameter double sided flange
equipped with CéF2 or BaF2 windows. In order to maintain a hydrocé}bon free
sample, an all metal ultra high vacuum (UHV) manifald was used. Evacuation was
accomplished by means of a liquid nitrogen cooled zeolite trap and an ion 1
pump. The ultimate pressure of the system is <10'8 Torr. The evacuated cell

is heated to 425K and exposed to 400 cm3 of hydrogen at 300 Torr in order to

reduce the supported RhIII jons. After three such exposures, the cell is

evacuated to ~ ]0'7 Torr at 450K for 8 hours and then allowed to cool. Surface . !

areas of such samples have been measured by the BET method giving 55 mZ/gm.(]z)

Typically, 2.2% Rh by weight samples were prepared with a total mass per unit
2

. The loadings for the 10.0% Rh samples were limited to 4 mg/cm?
]

area of 17 mg/cm
to avoid total absorbance of the incident infrared beam near 2200 cm” upon
exposure to CH3NC, while the 0.2% samples were limited to 17 mg/cm2 to avoid

excessive 1ight scattering due to the A1203.

2




A cell design which affords excellent temperature regulation between 100K
and 300K has been developed as shown in Figure 2. The cell consists of a
standard UHV 2.75 inch body which has ports for gas addition and thermocouple

feedthroughs. As in previous designs, the sample is mounted in a copper ring

within the cell body. The sample temperature can be adjusted by passing

nitrogen gas through the tube brazed to the copper sample support. Temperature

regulation is attained by cooling the nitrogen gas and regulating its flow

rate through the copper support. Temperature variation of less than +3K

can be maintained for several hours by careful attention to the flow conditions.
The methyl isocyanide (CH3NC) was prepared using a standard synthetic

method involving the dehydration of formamide.(]4)

Its purity was checked by
infrared spectroscopy of the gas phase. In order to remove any possible de-
composition products the CH3NC was evacuated at 77K prior to each use. The
methyl isocyanide was stored at liquid nitrogen temperature between experiments.
In addition to CH3NC, control experiments were done using relatbtd molecules such
as cyanogen, acetonitrile, and hydrogen c;anide. Cyanogen (CZHZ) was obtained
from Matheson* and was used without further purification. The acetonitrile
(CH3CN) was obtained form Eastman Kodak*. This liquid was further purified

by several freeze-pump-thaw cycles. Infrared spectra of the vapor did not show
any evidence of impurities. HCN was prepared by reaction of KCN with concentrated
HZSO4 followed by vacuum distillation and collection at 77K. A1l infrared
spectré were obtained using a Perkin Elmer Model 180 spectrometer*,

III. Results and Discussion

-

A.) Acetonitrile

In order to distinguish the interaction of CH3CN with the A1203 support
from the interaction of the molecule with the Rh sites, a series of experiments

were conducted on Rh free A1203. The sample was prepared as described in the

experimental section except no metal salt was introduced. The same thermal

3
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and hydrogen treatments of the A]ZO3 were carried out to insure representative
support conditions. The sample was cooled to 90K and 1.17 102‘ CH4CN molecules
per gram of A1203 wefe introduced into the cell (Figure 3Aa). Figure 3A shows
the spectral development as this samble was warmed. From 90K until 175K there
is no discernible development of spectral features. At 175K, however, there

are distinct features at 2935, 2294, 2254, and 2215 cm'l.

As the sample was
warmed to 230K additional features at 2995, 2330, 1440, and 1372 cm'1 became
evident. Upon evacuating the sample at room temperature, similar spectra to
that observed at 230K were obtained.

The observed changes in spectral distribution are principally due to
transport effects as the sample warms. As the CH3CN is initially introduced,
it is frozen onto the coldest parts of the sample support assembly. As the
support is warmed, the CH3CN is able to transfer through the vapor phase to
the A]203. Consequently, as the sample is warmed, nore CH3CN is exposed to the
infrared beam, and an increase in absorbance is observed in the spectrum. Upon
warming to room temperature, the weakly bound CH3CN is readily desorbed by
evacuation. . N

A sample containing 2.8% Rh on A1203 was prepared as described in the ex-
perimental section. This sample was cooled to 90K and subsequently exposed to
1.2 x 102] CH3CN molecules per gram of A1203, or 7 CH3CN molecules per Rh.
Figure 3B shows the observed spectrum as a function of sample temperature.
Comparison with Table 1 and Figure 3A indicate closely similar spectral
development to that observed in the Rh free sample. In each case, a maximum
in the spectral intensity occurs at 230K, suggesting a weakly-bound species.
Warming either sample to room iémperature resulted in a reduction of intensity

in the C-H stretch region (2995, 2936 cm'l), the C N stretch region (2332, 2293,
2252 cm'l), and the CH bend region (1372 cm']). Evacuation of the cell at room

temperature caused a further reduction in the observed {ntensity.

4
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The absence either of infrared features which persist upon evacuation,

or the appearance of distinct new spectral features (compared to the Rh free
sample), suggests that CH3CN is not stfongly chemisorbed to Rh sites.
Additional evidence for this conclusion is presented in section D.

B.) Methyl Isocyanide

Figure 4a depicts the spectral features observed prior to CH3NC
chemisorption on Rh free A1203 at 90K. Introduction of approximately 1.4 x 102]

CH3NC molecules per gram of A1203 to the 90K sample results in only one new

L as seen in figure 4b. As the sample was warmed,

additional intensity appeared in the region between 3000 and 2850 cm']. At

1

spectral feature at 2200 cm

140K a distinct feature appears at 2340 cm™ ' which disappears at higher

temperature. Once the sample reaches 190K, there is no evidence of the 2340 cm']
feature, but new features are apparent at 3010, 2953, 2260, 2212, 2195, and 2160
cm']. The relative intensity of these features changes as the sample is brought
to room temperature, but no new absorption features are observed. Evacuation

of the sample at room temperature results in a significant decrease in intensity

1)

of all features as shown in figure 4g. h

15 16

Table 1 1ists gas phase 1'nfrared.]5 Tiquid Raman, ~ and matrix isolation

assignments for the normal modes of CH3NC monomers. Comparison with the features
observed on A1203 is quite good. The exception to this good agreement is the 2340
cm" feature. The transient nature of this species suggests that it may be
associated with a comparativefy weakly bound state on A1203 relative to the
bound state observed at higher temperature.

The most striking feature of this system is the observed spectral
development with warming. The generally good agreement bétween infrared, Raman,
and matrix isolation studies with the modes observed in this work suggests that
there is only a weak interaction of the adsorbate with the surface. Upon
evacuation of the sample at room temperature, a significant decrease in infrared

intensity is observed for all features indicating a relatively weak interaction

5
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with A1203.

A 2.8% Rh/Alzo3 sample was prepared as described earlie}. After cooling

the sample to 85K approximately 7 CH3NC molecules per Rh were introduced to the

~ system to assure saturation coverage at room temperature. Figure 5 displays

the spectral development as a function of temperature. Two strong features
appear and disappear as the sample is warmed from 85K to room temperature. First,

1

a sharp, strong feature appears at 2340 cm™'. Between the temperature range of

107K and 176K, this feature can be seen to develop and then decay in both this
sample and in the Rh free A1203. A second intense feature appears near 2160 cm']
as the sample warms, but at 300K, its intensity has diminished. These features
at 2340 and 2160 cm'] are evident in both the Rh and the Rh f?ee sample. Uobon
evacuation at room temperature, however, no features between 2300 and 2000 cm']
are evident in the Rh - free A1203 spectrum while strong absorbance persists in
the Rh system. Consequently the two low temperature features which disappear on
warming caq be attributed to gas phase CH3NC or CH3MC interactions with the
support rather than CH3HC bound to Rh.

Aside from these two features, the spectra obtained on the A1203 and the
Rh/A1203 show significant differences in intensity and peak locations. Table
1 lists the room temperature line positions and the associatad normal modes.
The relative peak heights in the CH regions suggest that the chemical nature
of the methyl groups has not been altered significantly by the presence of the
Rh. However, the additional intenisty observed at room temperature for the
evacuated Rh sample compared to the metal-free A1203 indicates that additiona]
more stongly bound chemisorbed species exist on the Rh compared to the A1203
support.

Samples containing 0.2%, 2.2%, and 10.0% Rh/Alzo3 were prepared and sub-
sequently saturated with CH3NC. The spectra in Figure 6 show the C~N features

observed between 2300 and 2100 cm°'l over a fifty fold range of Rh loading on
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A1203. The observed systematic variation of relative intensity is due to the
different distribution of metal sites in the samples(]7). The features at 2250
and 2190 cm" dominate this region of the spectrum as the metal content of the
sample is reduced. The feature at 2160 cn\"I becomes more pronounced as the
metal loading is increased.

Figure 7 displays the spectral features observed between 3050 and 2800 ¥

cm']. Once again, metal dispersion is seen to have a marked effect on the i
1 K

observed spectral features. The increased intensity near 2975 and 2929 cm~

on the 10% Rh samples suggests that these features are due to CH3NC interaction
with crystallite Rh sites. The features near 3010 and 2945 e

t
are assigned ;
to the corresponding modes in CH3NC bound to isolated Rh sites. In order to :

H

more clearly compare the spectral distributions observed in Figures 7A and 7B,

a difference spectrum was generated. Comparison with spectra obtained on E

1

0.2% Rh samples indicated that the feature at 2945 cm™' is clearly associated

with the isolated Rh atoms. Consequently, spectra 7A and 7B were normalized

to the same absorbance for this isolated Rh feature at 2945 cm'1.

The contri-

bution due to isolated Rh sites was then removed from the 10% sample by subtraction
of the normalized 2.8% spectrum. This procedure involving only 2% Rh and 10% Rh
was necessary due to the increasing significance of adsorbed CH3NC on the A1203

in the data obtained on the 0.2% Rh/A?203.

Figure 8 displays the variation in the spectral features observed in the

CH bending region at various Rh loadings. In each case, two distinct features

are observed at 1417 and 1447 o

AN
‘ 1400 cm'] However, the lack of pronounced spectral changes and the limited

In addition, there is a feature below

signal to noise ratio do not permit the association of these features with

AT NGRS g e e o -

distinct metal sites. The site specific assignments are summarized in Table 2,

The potential for dissociative chemisorption of methyl isocyanide on Rh

- was addressed in a series of experiments. The first experiment used Ban

} \ instead of Can for the cell windows and the samp]e.p1ate. The use of Ban
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allowed spectra to be recorded near the transmission limit of the A1203.

Observation on a 2.2% Rh sample indicates a systematic increase in absorbance
below 940 cm'l as CH3NC was adsorbed at 300K. This corresponds to the CN
single bond stretch mode, indicating that the H3C-N bond is still intact.
Unfortunately, strong absorbance due to the A1203 below 930 cm'] would not
permit the observation of a local maximum in the absorbance in this region.
C.) Attempts to Produce Chemisorbed CN on Rh.

In two separate experiments, an attempt was made to generate surface
C=N groups. In one case, since cyanogen is thought to dissociate on
platinum,(]s’lg) a 2.2% rhodium sample was saturated with (CN)2 at 300K in
order to investigate the potential of dissociative chemisorption in this
system. The only infrared spectral features which were observed were weak,

1

‘ -
occurring at 2298, 2157, and 2105 cm . /Subsequent exposure to CO resulted

in an unperturbed spectrum for CO chemisorbed on rhodium. The lack of strong
spectral features combined with a preserved®activity for CO chemisorption

(see section D) is indicative that the surface species due to cyanogen is

significantly different from that due to CH3NC. N

In a second experiment, a 2.2% Rh sample was exposed to HCN in a further

(20-22) " p4qitional intensity was observed between

1

effort to generate Rh-CN,

3500 and 2700 cm”! and between 2180 and 2000 cm » which probably correspond

to molecular HCN modes(15) at 3312 and 2089 cm'1. No additonal features were
observed. Exposﬁre of the HCN-saturated sample to CO resulted in an unperturbed
spectrum of chemisorbed CO.

Cyanogen aqd hydrogen cyanide are excellent candidates for possible
production of su;face CN groups on Rh, The absence of pronounced spectral
features corresponding to surface -C=N in these experiments, is to be contrasted

with the strong features observed in the isocyanide case. Consequently, the

spectral features observed for CH3NC are consistent with non-dissociative

8
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chemisorption on Rh.

In the (CN)2 and HCN egperiments. the corresponding, rhodium-free samples
were not examined. Consequently, the contributions due to species on the A1203
are not clear. There is no doubt, however, that comparable CsN stretching
features to those seen with CH.NC do not exist in either the (CN), or HCN
experiments. Therefore, irrespective of the precise nature of the adsorbate
species produced and the binding sites involved (i.e., binding to metal sites
compared to support sites), the distinctly different spectral and chemical
behavior of these systems compared to that observed for CH3NC is well
demonstrated.

D.) Interactions with CO

In order to measure the relative binding strengths of acetonitrile,
CH3CN, on the Rh sites, CO was introduced to a sample following a saturation
exposure of CH3CN. Figure 9 shows the development of strong features at 2101,

2068, 2027, and 1875 cm™ !

» indicative of CO chemisorption on g]ean Rh/A1203(]2).
This observation confirms the lack of a’strong ch;mical interaction between
CH3CN and Rh, A similar CO adsorption experiment was carried out on a'Rh
surface saturated with CH3NC at 300K. In this case, ro significant changes
following exposu}e to CO were observed. Heither the appearance of new features
attributable to CO, nor alteration of existing CH3NC peaks was observed. The
difference in the CO binding of these two preadsorbed samples further demon-
strates the distinct difference in binding of’acetonitri]e compared to methyl
isocyanide.

A test of the relative binding strengths of CO and CH3HC was made in the
following experiment. A 2.2% Rh/A1203 samp1e‘was prepared and subsequently
saturated with ]?CO. This sample was then exposed to a series of CHBNC
doses at 300K, The sequential interaction of CH3NC with CO is shown in
Figure 10. At full coverage, the CH3NC features have grown in, apparently

unperturbed by the CO in the system. It can also be seen that the CO doublet

9
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is systematically eliminated by the adsorption of CH3lC. However, the

L remains during the experiment, and system-

bridging CO feature at 1840 cm~
atically shifts down by-'vloo cm'l. An additional feature also appears at
1930 cm'] in spectrum (c) and shifts doﬁn in wave number with increasing

coverage of CH3NC. The identity of these two features which appear below
2000 cm'] was determined by a gas phase exchange of the residual ]300 on

the sample with 12C0(g). This experiment is illustrated in Figure 11.

1

Following lzco-exchange. the two peaks below 2000 ecm™ ' are both observed to

1

shift to higher wave number by approximately 40 cm™ ', while the remaining

spectral features are unaffected. This clearly identifies the two peaks in
question as being due to CO chemisorbed on Rh and perturbed by subsequent CH3NC
chemisorption. f

It is interesting t6 note that the two CO fcatures observed can both be
seen to gradually shift to lower wave number as CH3NC is introduced. These
two features have both previously.been assigned, one as linear CO on Rh
crystallites and the other as CO in a bridge site on Rh crystal]ites(]z).
Consequently, the CH3NC can be seen to be associated with a net shift to lower
wave number of both of these features by 100 cm'l. Tbere is no spectral
evidence for isolated Rh sites which simultaneously bind CO and CH3MC.
IV. Conclusions

A.) Absence of Catalytic Isomerization of CH3NC to CH3CN on Rh.

The gas phase isomerization of CHSNC to CH3CN is a well known;process.(23)

As an exothermic reaction (AH=63 kjoule/mole) with a moderate activation
energy (Ea=161 kjoule/mole), the potential for a surface-induced isomerization
at 300K seems considerable. However, distinctly different spectra were-ob-
tained in the CH3NC and the CH3CN adsorption experiments. The observed
frequencies of the C-N mode, the relative stability during evacuation, and the

capacity to block CO binding sites all indicate significantly different

10
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chemistries for the two adsorbates. The absence of CH3NC isomerizatién on
Rh is therefore unambiguous. . This lack of conversion to the thermodynamically
more stable form provides compelling evidence that the analogy between
inorganic chemistry and surface chemistry is substantive. The recognized
stability towards isomerization of isocyanides in model inorganic complexes
suggests a non-isomerizing surface interaction., The lack of fsomerization
which has been clearly demonstrated in this work illustrates that similar
chemistry occurs on the metal surface and in well-known inorganic compounds.

B.) Evidence for Mon-Dissociative CH3HIC chemisorption on Rh.

The question of dissociative chemisorption of CH3NC is more difficult

to address. However, our results from three different experiments all argue
for the absence of dissociative processes. In brief: a) observation of
absorbance in the region expected for the N-CH3 stretch is indicative of lack
of dissociation; b) chemisorption of (CN)2 or HCN does not result in any
features comparable to those observed with CH3NC.

Comparison of these results with earlier data is interesting. For .
CH3CH2NC chemisorbed on rhodium films, similar results to those obtainsd in
this work were reported on the basis of limited spectroscopic evidence(lo).
At that time, however, no evidence was available to d;ﬁonstrate the absence
of either isomerization or dissociation of the isocyanide. Based on the present
work, it is clear that the original interpretation presented(lo) is valid. It
js more difficult to make comparison with the recent work on single crystals.(]1’24)
While significanly different surface interactions were suggested on bulk nickel,
the variation in reactivity between nickel compared to rhodium is well known.
In addition a non dissociative low temperature state of CH3NC was fdentified
on Fe(110), using ultraviolet photoelectron spectroscopy. This species showed

evidence of decomposition upon warming to 470K.(24) Furthermore, there may

11
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be subtle differences between the interaction of CH3NC with bulk metals
compared to behavior observed on dispersed samples of the same material.(zs)
Consequently, detailed comparison will not be possible until dispersed
nickel or bulk rhodium studies are completed.

C.) Surface Binding of Methyl Isocyanide to Rhodium

The observed IR spectral features can be attributed to a combination
of features due to CH3NC chemisorbed on isolated Rh sites and on Rh
crystallites. Table 2 indicates assignments for the two types of sites where
a distinction was possible. It is interesting to note that in comparison to
the binding of CO to such samples where two CO ligands are observed per
isolated rhodium atom, only one N=C mode is observed for isolated Rh sites.
In addition, there is infrared evidence for only one CH3NC species on the Rh
crystallites. By analogy to model inorganic compounds, the 2160 cm"| crystallite
feature can be assigned to linearly bound CH3NC on Rh crystallites. There is
no evidence for bridéing CH3NC which would be expected near 1800 cm']. The
observat%on of only one MEC stretching feature for isolated Rh sites could be
due to tﬁo causes: (a) only one CH3NC chemisorbs on an isolated Rh s%te, or
(b) two C3HC groups chemisorb, forming a 180° C-Rh-C bond angle, leading
to single infrared active asymmetric CzN stretch mode. On steric grounds,
two CH3NC ligands could readily adsorb at angles significantly less than
180°, as observed in metal isocyanide cémp1exes. Hence we prefer explanation
(3) to explain the single C=N infrared feature on the isolated sites.

D.) €O - CH,NC adsorbate Interactions.

Distinctions between CH3NC and CO interactions with the surface are
bést illustrated by the sequential adsorption experiments. Standard preparative
techniques for metal isocyanide complexes involve CO displacement from metal
carbonyls, but usually at elevated temperature. The data presented in Figure 10

clearly demonstrate the strong interaction of 13CO with methyl isocyandie in

12
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this supported system. The progressive disappearance of the 2060-1960 cm"

Rh(]3co)2 doublet as the CH3NC adsorption spectrum develops demonstrates that

the Rh(]3c0)2 species are converted to RhCNCH;. The direct displacement
corresponds well to the behavior observed in inorganic systems. The persis-
tence of two features between 2100 and 1700 cm'] indicates that linear and
bridged CO on the Rh crystallites are not affected in the same fashion as

the Rh(CO)2 species. Figure 10 clearly shows that, in the presence of CH3NC,
these CO stretching modes on the crystallites are shifted to lower wave number

by 100 cm']. The possibility exists that there is some displacement of CO

from the crystallite sites during this process. While no substantial change

in intensity of the CO features is observed, there may be a simultaneous increase
of the CO extinction coefficient due to the the interaction with CH3NC. Therefore,
the exact amount of CO remaining on the crystallites cannot be determined in
these experiments without a quantitative measurement of the perturbation of

the CO extinctien coefficients due to interactions with the methyl isocyanide.

The substantial shift in wave number observed for €O in the presence of
CH3NC is not unique. Such shifts in CO stretching modes are known in‘inorganic
systems(zs) and hdve been previously reported for CH3§H2NC on rhodium fi]ms.(]o)
The effect can be interpreted in terms of an increased back donation to the
antibonding = levels of CO in the presence of a good electron donor such as -
CH3NC.(27) Figure 1 depicfs the relative positions of the orbitals for the
two molecules. Since the non-bonding o electrons of the CH3NC are less tightly
bound than those in CO, and since the empty = orbitals are energetically more
accessible in CO, the crystalline sites are able to transfer the increased
electron density provided by:the CH3NC ; orbital back into the CO 2r orbitals.

An interesting comparison can be made between studies of CO - CO
interactions(za) on singe crystal surfaces as a function of CO coverage and

this work. Bradshaw et. al.(zg) have shown that the dipole-dipole coupling

13
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between CO adsorbate molecules on Pd(100) is responsible for a coverage

dependent shift in vey which is of order + 40 cn™'

as 6¢q increases from
0 to 1. Thus a possible interpretatioh of the 100 cm™! shift of veo o
lower frequency with increased CH3NC co#erage would involve displacement of
CO from the crystallites and accompanied reduction in veo due only to CO
coverage decrease in the CO layer. However, the magnitude of the CHjNC-
induced shift in veo is too large to be explained in this manner. A substantial
chemical effect between CH3HC (ads) and CO (ads) on Rh crystallites must be
operative as suggested by the molecular orbital arguments.
V. Summary
a.) Non-dissociative binding of CH3NC to both the isolated
Rh atom sites and to the crystalline Rh sites is observed at 300K,
in good agreement with the binding observed for CO on these sites.
b.) No significant isomerization of CH3NC to the more stable isomer, CH3CN
(acetonitrile) is detectable on Rh/A1,0, surfaces.
c.) Site specific spectral assignments have been made for C=N stretching
and C-H stretching modes due to CH3NC chemisorption on crystalline
Rh sites and on isolated Rh atom sites.
d.) Acetonitrile, cyanogen, and hydrogen cyanid;, if bound to the metal
sites, are directly displaced by carbon monoxide.
e.) MHethyl isocyanide displaces the CO bound to the isolated Rh sites,
Rh(CO)z. without fonnation of a detectable Rh(CO) (CNCH3) complex.

f.) Methyl isocyanide strongly interacts with CO bound to crystalline

1

Rh sites, shifting the two adsorbed CO features 100 cm ' to lower

energy. This behavior is indicative of a thru metal charge transfer

from the isocyanide to the CO.

14
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Figure 1.

Figure 2.

Figure 3,

Figure 4.
Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

. spectrum C,

Figure 11.

FIGURE CAPTIONS

Carbon Honoxide and Methyl Isocyanide Molecular Orbitals (9).
Transmission IR cell for supported metals, Vacuum feedthroughs
are shown for thermocouples and for circulating coolant.

Spectral development with increasing iemperature for acetonitrile.
a) adsorbed CHCN at 90K, b-e) subsequent warming.

A.) Rh free A1,04 B.) 2.8% Rh/A1,0,

Spectral development with increasing temperature for methyl
isocyanide on Rh free A1203.

Development of IR features for 2:8% Rh/A1203 exposed to CH3NC

at 85K and allowed to warm to 310K,

C=N stretch region of CH3NC for various Rh loading following
background subtraction. A.) 0.2% Rh/A1203, B.) 2.2%.Rh, C.) 10.0%
Rh. A1l spectra were obtained at 300K.

Infrared spectrum of C-H stretching modes of CH3NC chmisorbed on Rh
following background subtraction. A.)2.8% Rh, B.) 10% Rh,

C.) B-A after normalizing the intensity at 2945 em L. ) H
Infrared spectrum of C-H bending modes of CH3NC Chemisorb;d on Rh.
Three metal loadings of 0.2%, 2.8%, and 10.0% are shown after

1

background subtraction. The broken line below 1380 cm ' indicates

that the signal/background was low.

A.) Infrared spectrum of CH4CN on 2.8% Rh/A1,0, at 300K.

B.) Infrared spectrum obta?ned after exposing A to CO.

Infrared spectra showing interactions fo chemisorbed CO with CH3NC(q).
A.) 2.2% Rh sample saturated with ]3C0. B.) and C.) sequential
exposure of A to CH3NC. D.) Saturation coverage of CH3NC after

Isotopic exchange of adsorbed CO. A.) Spectrum 10D showing 2.2%
Rh/A1203. B.) Spectrum obtained after exposure of A to 50 Torr.

o

of 12CO for 10 min., at 300K.
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TABLE 2

Spectral Assignments for Specific Rh sites

1 Isolated .Rh Lcm'll Crystallite Rh (cm"l
) {1

vg-C-H asym stretch 3010 (m) 2975 (m) JE

vi-C-H sym stretch : 2945 (m) 2925 (m) *

vy-N=C stretch 2195 (s) 2160 (s)
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Infrared Spectrum of CHg Stretching Mode for Chemisorbed |
- '
CH3NC on Rh/AlO3: Metal Dispersion Dependence
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Infrared Spectrum of CH, Bending Features:
CH4NC Chemisorbed on Rh/Al;O4
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